Introduction {#S0001}
============

Psoriasis is a chronic immune-mediated inflammatory disease which can affect up to 8% of the population in Nordic countries.[@CIT0001],[@CIT0002] Patients with psoriasis experience an increased risk of developing metabolic risk factors such as diabetes mellitus (DM), hypertension (HTN), or hypercholesterolemia.[@CIT0003]--[@CIT0012] Through a hospital-based study, Sommer et al[@CIT0012] have reported odds ratios of 2.48, 3.27, and 2.09 for diabetes mellitus, hypertension, and hypercholesterolemia, respectively, among patients with psoriasis compared to patients without psoriasis admitted to the same hospital. Further, previous studies suggest associations between cardiovascular diseases (CVD) and psoriasis.[@CIT0005],[@CIT0007],[@CIT0008],[@CIT0010],[@CIT0013] However, few studies examine the incidence of metabolic risk factors as measured by the use of prescription medicines for diabetes mellitus, hypertension, and hypercholesterolemia. For example, Lee et al[@CIT0014] have found the incidence of diabetes mellitus (type 2) 18.2 per 1000 person-years in patients with severe psoriasis while the incidence was 10.5 in mild psoriasis and 5.4 in the comparison cohort consisting of a random sample of patients without a diagnosis of psoriasis from the same patient dataset. Some studies also suggest that treatments for psoriasis could control the inflammatory conditions and alter the metabolic risk factors in patients with psoriasis.[@CIT0015]--[@CIT0017]

Understanding whether patients with psoriasis are being actively managed regarding metabolic risk factors is a research gap in the literature.[@CIT0018] Based on prior work that demonstrates an increased risk of hypertension and diabetes mellitus among Swedish patients with severe psoriasis during a one-year period before anti-psoriasis drug prescription,[@CIT0019] this study aims to understand the time to occurrence of metabolic risk factors such as diabetes mellitus, hypertension, and hypercholesterolemia. The objective of this study was to assess the relative risk of metabolic risk factors in patients stratified by psoriasis severity compared with population controls.

Patients and Methods {#S0002}
====================

Data Source and Study Design {#S0002-S2001}
----------------------------

This was a retrospective cohort study using national registers in Sweden. The source data consist of a matched cohort study of patients with psoriasis, selecting up to ten controls randomly from the general population matched on birth year, sex, and county where they are living at the first psoriasis diagnosis and alive and without a record of psoriasis at the first psoriasis diagnosis of the corresponding patient. The study source population has been described in more detail elsewhere,[@CIT0019] but in summary, the Swedish National Patient register (NPR) has national coverage for inpatient hospitalizations since 1987 and for outpatient visits since 2001.[@CIT0020] The Cause of Death Register (CDR) records dates as well as causes of death.[@CIT0021] The Prescribed Drug Register (PDR) records all dispensing of prescribed drugs since July 1st, 2005.[@CIT0022]

Three treatment groups were built according to the severity levels based on treatment strategies. The mild group are treated with calcipotriol with or without corticosteroids (ATC: D05AX02 or D05AX52). The moderate group are treated with methotrexate (ATC: L01BA01 or L04AX03), cyclosporine (ATC: L04AD01 or L04AA01) or acitretin (ATC: D05BB02). The severe group who are treated with adalimumab (ATC: L04AB04 or L04AA17), etanercept (ATC: L04AB01 or L04AA11), infliximab (ATC: L04AB02 or L04AA12), efalizumab (ATC: L04AA21), ustekinumab (ATC: L04AC05), certolizumab (ATC: L04AB05), or golimumab (ATC: L04AB06).

To be eligible for the current study the following criteria needed to be fulfilled. First, patients require an index date (the first dispensing date in the respective treatment group, up to three possible index dates, one for each treatment group) between January 1st, 2007 and December 31st, 2013. Second, patients are at least 18 years of age at the index date. Third, patients require at least one psoriasis diagnosis (ICD-10: L40, excluding L405) within five years prior to the index date. Lastly, patients are without treatment using the same strategy, as described above, within one year prior to the index date.

In each severity group, the patients with psoriasis were followed from the first dispensing date of a certain type of psoriasis treatment (ie, the index date) to the first occurrence of the outcome, switching to a treatment strategy for a more severe psoriasis level, moving out of Sweden, death, or end of study (December 31st, 2017). Population controls were followed from the index date of their matched psoriasis patient to the first occurrence of an outcome, a psoriasis diagnosis/treatment dispensing, moving out of Sweden, death, or end of the study. In addition, patients were allowed to enter more than one severity group following the treatment hierarchy (ie, in the order of mild to moderate to severe treatments). The outcomes of the study were hypertension, hypercholesterolemia, and diabetes (see [[Supplementary Table 1](http://www.dovepress.com/get_supplementary_file.php?f=252410.docx)]{.ul}). An illustration of the study design can be found in Supplementary Illustration 1.

Statistical Analyses {#S0002-S2002}
--------------------

Flexible parametric models adjusted for age at index, sex, calendar year at index, and county were used to estimate the hazard ratios (HRs) of metabolic risk factors comparing patients with psoriasis with population controls. Only the first occurrence of each outcome since the index date was considered. Time since the index date of each psoriasis severity group was used as the underlying timescale both for patients with psoriasis and their matched population controls. Models allowing for non-proportional hazards for the effect of psoriasis were conducted to understand whether the HRs varied during follow-up, as well as models assuming proportional hazards.[@CIT0023] Based on the parameters from the non-proportional hazards flexible parametric models, the standardized probability (risk) for patients with psoriasis to experience metabolic outcomes was estimated at different time points following index date, based on the internal distribution of the adjusting factors within each of the severity groups separately. Similarly, the standardized risk for controls to experience metabolic outcomes was estimated. The difference of standardized risks of metabolic factors was compared between patients with psoriasis and controls and are comparable in terms of the adjusting factors. All analyses were conducted separately within each psoriasis severity group.

Data management was conducted using SAS 9.4 and all statistical analyses were conducted using STATA 15.1 package STPM2.

Results {#S0003}
=======

[Table 1](#T0001){ref-type="table"} provides the number of patients within the mild, moderate, and severe psoriasis groups. In total, 3252 patients with psoriasis were defined as having severe psoriasis because of their hierarchical treatment exposure to biological treatment. Additionally, 14,903 patients with psoriasis were defined as having moderate psoriasis because of their hierarchical treatment exposure to non-biological systemic treatment. Lastly, 29,434 patients with psoriasis were defined as having mild psoriasis because of their hierarchical treatment exposure to topical treatment. The patients with severe psoriasis were younger (median 49.2 years old, IQR 38.4--59.1) than the patients with moderate psoriasis (median 55.9 years old, IQR 43.8--65.3) or with mild psoriasis (median 55.8 years old, IQR 41.3--66.5) ([Table 1](#T0001){ref-type="table"}). Compared to the non-psoriasis population for the respective mild, moderate, and severe psoriasis groups, the non-psoriasis population is similar for age, gender, and year of index. For example, the age distributions for the matched non-psoriasis population to the separate psoriasis severity groups are within 1--2%.Table 1Baseline Characteristics of Adult Patients with Psoriasis by Severity of the DiseaseMild PsoriasisModerate PsoriasisSevere PsoriasisPso GroupNon-Pso GroupPso GroupNon-Pso GroupPso GroupNon-Pso Group**Total number**2943424447914903123305325227015**Sex** Men (%)15241 (51.8%)127374 (52.1%)7785 (52.2%)64823 (52.6%)1764 (54.2%)14734 (54.5%)**Number of individuals in each age category at index** ≤302978 (10.1%)26775 (11%)983 (6.6%)8848 (7.2%)310 (9.5%)2810 (10.4%) 30--403823 (13%)33051 (13.5%)1767 (11.9%)15276 (12.4%)624 (19.2%)5285 (19.6%) 40--504630 (15.7%)39246 (16.1%)2710 (18.2%)22945 (18.6%)762 (23.4%)6404 (23.7%) 50--606001 (20.4%)48452 (19.8%)3558 (23.9%)28727 (23.3%)800 (24.6%)6451 (23.9%) 60--706664 (22.6%)52697 (21.6%)3596 (24.1%)28455 (23.1%)575 (17.7%)4575 (16.9%) ≥705338 (18.1%)44258 (18.1%)2289 (15.4%)19054 (15.5%)181 (5.6%)1490 (5.5%) Median age (IQR)55.8 (41.3--66.5)55 (40.4--66.3)55.9 (43.8--65.3)55.3 (43.1--65.2)49.2 (38.4--59.1)48.5 (38--58.7)**Calendar year at index** 200711682 (39.7%)96663 (39.5%)5367 (36%)44246 (35.9%)1035 (31.8%)8581 (31.8%) 20084130 (14%)34275 (14%)1617 (10.9%)13325 (10.8%)367 (11.3%)3012 (11.1%) 20093398 (11.5%)28241 (11.6%)1494 (10%)12313 (10%)328 (10.1%)2746 (10.2%) 20103080 (10.5%)25478 (10.4%)1476 (9.9%)12268 (9.9%)304 (9.3%)2479 (9.2%) 20112568 (8.7%)21366 (8.7%)1633 (11%)13516 (11%)362 (11.1%)3063 (11.3%) 20122403 (8.2%)20073 (8.2%)1662 (11.2%)13795 (11.2%)403 (12.4%)3363 (12.4%) 20132173 (7.4%)18383 (7.5%)1654 (11.1%)13842 (11.2%)453 (13.9%)3771 (14%)

The models allowing for non-proportional hazards (non-PH) in general showed that the HRs for all outcomes and within all severity groups were fairly constant over time, but with a slightly increasing HR early and decreasing over time (see [[Supplementary Figures 1--9](http://www.dovepress.com/get_supplementary_file.php?f=252410.docx)]{.ul}). When testing the proportional hazard assumption, there was no evidence of non-PH, and the following results are therefore from the models assuming proportional hazards. The hazard ratio of HTN was 1.73 (95% CI: 1.64--1.82) for patients with severe psoriasis, while it was 1.35 (95% CI: 1.32--1.38) and 1.29 (95% CI: 1.27--1.32) for patients with moderate and mild psoriasis, respectively. Regarding DM the HRs were 2.25 (95% CI: 2.05--2.47), 1.67 (95% CI: 1.60--1.75), and 1.60 (95% CI: 1.55--1.65) for patients with severe, moderate and mild psoriasis, respectively. In relation to hypercholesterolemia, HR for patients with severe psoriasis was 1.58 (95% CI: 1.47--1.70), while it was 1.32 (95% CI: 1.28--1.36) for patients with moderate psoriasis and 1.34 (95% CI: 1.31--1.38) for mild psoriasis ([Table 2](#T0002){ref-type="table"}).Table 2Hazard Ratio (HR) and 95% Confidence Interval of Metabolic Risk Factors Among Patients with Psoriasis Compared to Individuals Without PsoriasisMild PsoriasisModerate PsoriasisSevere PsoriasisNo.HR95% CINo.HR95% CINo.HR95% CI**Hypertension**All individuals Average2550581.291.27--1.321283351.351.32--1.38286991.731.64--1.82Individuals without hypertension prior to index Average1919571.271.23--1.30964021.391.33--1.44236191.731.60--1.87Individuals with hypertension prior to index Average631010.950.93--0.97319330.920.89--0.9550800.910.85--0.98**Hypercholesterolemia**All individuals Average2550881.341.31--1.381283461.321.28--1.36286991.581.47--1.7Individuals without hypercholesterolemia prior to index Average2230811.341.3--1.391122221.431.37--1.5262281.911.74--2.08Individuals with hypercholesterolemia prior to index Average320070.850.83--0.88161240.840.81--0.8824710.780.7--0.88**Diabetes**All individuals Average2550801.601.55--1.651283471.671.60--1.75286992.252.05--2.47Individuals without diabetes prior to index Average2403371.481.41--1.561208281.711.6--1.82273922.422.13--2.75Individuals with diabetes prior to index Average147431.010.97--1.0675190.950.90--1.0113070.920.80--1.06

[Table 3](#T0003){ref-type="table"} demonstrates the risk of metabolic risk factors for patients with psoriasis and their matched population controls, as well as the difference in standardized risk between patients with psoriasis and their controls without psoriasis. The results show a higher standardized risk among patients with psoriasis compared with their controls in 6 months, 1 year, 5 years, and 10 years after the index date.Table 3Risk and Risk Difference of the Metabolic Risk Factors in Patients with Psoriasis Compared to Individuals Without Psoriasis in Six Months, One Year, Five Years and 10 Years After Dispensing DateNon PsoriasisPsoriasisDifferenceRisk95% CIRisk95% CIRisk95% CI**Hypertension**Mild Predicted risk at 6m0.150.15--0.150.170.17--0.180.020.02--0.03 Predicted risk at 1y0.180.18--0.180.220.21--0.220.040.03--0.04 Predicted risk at 5y0.350.35--0.350.410.41--0.420.070.06--0.07 Predicted risk at 10y0.500.50--0.500.570.57--0.580.070.07--0.08Moderate Predicted risk at 6m0.160.15--0.160.180.18--0.190.030.02--0.03 Predicted risk at 1y0.190.19--0.190.230.22--0.230.040.03--0.05 Predicted risk at 5y0.360.35--0.360.440.43--0.440.080.07--0.09 Predicted risk at 10y0.520.51--0.520.610.60--0.610.090.08--0.10Severe Predicted risk at 6m0.110.11--0.120.150.14--0.170.040.03--0.05 Predicted risk at 1y0.140.13--0.140.200.19--0.210.060.05--0.07 Predicted risk at 5y0.270.27--0.280.400.39--0.410.130.12--0.14 Predicted risk at 10y0.420.41--0.430.580.56--0.590.160.14--0.17**Hypercholesterolemia**Mild Predicted risk at 6m0.120.12--0.120.150.14--0.150.030.03--0.04 Predicted risk at 1y0.130.13--0.140.170.17--0.180.040.04--0.04 Predicted risk at 5y0.210.21--0.210.270.27--0.270.060.05--0.06 Predicted risk at 10y0.290.29--0.290.360.35--0.370.070.06--0.07Moderate Predicted risk at 6m0.120.12--0.120.140.14--0.150.020.02--0.03 Predicted risk at 1y0.140.13--0.140.170.16--0.170.030.03--0.04 Predicted risk at 5y0.220.21--0.220.270.27--0.280.060.05--0.06 Predicted risk at 10y0.300.30--0.300.370.36--0.380.070.06--0.08Severe Predicted risk at 6m0.080.08--0.090.100.09--0.110.020.01--0.03 Predicted risk at 1y0.100.09--0.100.120.11--0.130.030.02--0.04 Predicted risk at 5y0.160.15--0.160.220.21--0.240.070.06--0.08 Predicted risk at 10y0.230.22--0.230.330.32--0.350.100.09--0.12**Diabetes**Mild Predicted risk at 6m0.030.03--0.030.040.04--0.050.020.01--0.02 Predicted risk at 1y0.040.04--0.040.060.06--0.060.020.02--0.03 Predicted risk at 5y0.080.08--0.080.130.13--0.140.050.05--0.05 Predicted risk at 10y0.130.13--0.130.190.18--0.190.060.06--0.07Moderate Predicted risk at 6m0.030.03--0.030.050.04--0.050.020.01--0.02 Predicted risk at 1y0.040.04--0.040.060.06--0.070.020.02--0.03 Predicted risk at 5y0.080.08--0.090.140.13--0.140.050.05--0.06 Predicted risk at 10y0.130.13--0.130.200.2--0.210.070.06--0.08Severe Predicted risk at 6m0.020.02--0.020.040.04--0.050.020.01--0.03 Predicted risk at 1y0.030.03--0.030.060.05--0.070.030.02--0.04 Predicted risk at 5y0.060.06--0.070.140.13--0.150.070.06--0.09 Predicted risk at 10y0.110.10--0.110.210.20--0.230.110.09--0.12[^1]

For example, from [Table 3](#T0003){ref-type="table"}, patients with severe psoriasis experience a 0.58 (95% CI: 0.56--0.59) 10-year risk (1 minus the survival probability) of hypertension. The 10-year risk for the same outcome for matched patients without psoriasis was 0.42 (95% CI: 0.41--0.43). This suggests a 0.16 (95% CI: 0.14--0.17) increased risk of hypertension for patients with severe psoriasis compared to non-psoriasis controls.

[Table 3](#T0003){ref-type="table"} also demonstrates that patients with severe psoriasis experience a 0.33 (95% CI: 0.32--0.35) 10-year risk of hypercholesterolemia. The 10-year risk for the same metabolic risk factors for matched patients without psoriasis was 0.23 (95% CI: 0.22--0.23). This suggests a 0.10 (95% CI: 0.09--0.12) increased risk of hypercholesterolemia for patients with severe psoriasis compared to non-psoriasis controls.

Lastly, [Table 3](#T0003){ref-type="table"} shows that patients with severe psoriasis experience a 0.21 (95% CI: 0.20--0.23) 10-year risk of metabolic risk factors related to diabetes. For matched patients without psoriasis, the 10-year risk for the same outcome was 0.11 (95% CI: 0.10--0.11). This suggests a 0.11 (95% CI: 0.09--0.12) increased risk of diabetes for patients with severe psoriasis compared to non-psoriasis controls.

Overall, [Table 3](#T0003){ref-type="table"} demonstrates that psoriasis patients have increased risks of metabolic risk factors pertaining to hypertension, hypercholesterolemia, and diabetes relative to non-psoriasis patients. These differences between psoriasis and non-psoriasis patients increase over time and with psoriasis severity. Hazard ratios are plotted over ten years by severity for the metabolic risk factors in the [[Supplementary Figures](http://www.dovepress.com/get_supplementary_file.php?f=252410.docx)]{.ul}.

Discussion {#S0004}
==========

In this large population-based cohort study among patients with psoriasis, using the Swedish national registers, we found that the risk of metabolic risk factors related to hypertension, diabetes mellitus, and hypercholesterolemia are higher among patients with psoriasis compared with matched controls from the general population. Our findings showed that the hazard of metabolic risk factors related to hypertension, diabetes, and hypercholesterolemia is increased in line with the severity of psoriasis.

The findings of this study showed a higher risk of metabolic risk factors among patients with psoriasis, especially in severe psoriasis, which is consistent with other studies that reported the prevalence of cardiovascular risk factors in patients with mild to severe psoriasis in China and the UK.[@CIT0024],[@CIT0025] Both cited studies demonstrated that multiple cardiovascular disease risk factors are associated with psoriasis. Our study adds to this body of work by demonstrating similar conclusions from a Swedish psoriasis patient population.

Predicted risk of the metabolic risk factors in 6 months, 1 year, 5 years, and 10 years after the index date has shown a higher risk of the metabolic risk factors among patients with psoriasis compared with their matched controls. The difference between patients with psoriasis and their matched controls remains constant through ten years (see [[Supplementary Figures 10--18](http://www.dovepress.com/get_supplementary_file.php?f=252410.docx)]{.ul}). Few studies focus on the predicted proportion of metabolic risk factors. Our findings extend the understanding of the association of metabolic risk factors and psoriasis by evaluating the long-term disease management of psoriasis compared with controls. Among the severe psoriasis patients, we found that the 10-year risk of incident hypertension, hypercholesterolemia, and diabetes mellitus is 58%, 33%, and 21%, respectively. Kaye et al[@CIT0026] report similar measures of incident risk factors for cardiovascular diseases. The only difference between the two studies is the study population, where Kaye et al used the UK population while our study focuses on a Swedish population, appealing to the longitudinal observation period from Swedish registries. Furthermore, about 30% of the patients with psoriasis and about 20% of the controls develop more than one risk factor during the study period from index dispensing until censoring for death, emigration, or end of study (data not shown). This is possibly not a fair comparison between patients and controls if the follow-up time is different in the two groups.

One study strength is the longitudinal observation period of patients with psoriasis to pursue the research question. The nationwide coverage including all patients in Sweden with a specialist care diagnosis of psoriasis is also a major strength. The national registers allow for completeness and accuracy of the linking between them due to the unique civil registration number, given at birth or immigration and kept unchanged throughout life.

A limitation of the study is the lack of psoriasis diagnosis from primary care for patients, which may only have mild psoriasis and no contact with a specialist before the index date. The severity of psoriasis is identified via treatment strategies instead of clinical assessments due to a lack of access to any disease score. A more direct severity measure, such as PASI, is more ideal; however, these data are not captured in Swedish national health registers. Nevertheless, using anti-psoriatic treatment as a proxy for the severity of the disease has been estimated to have a sensitivity and positive predictive value of more than 90% and 80%, respectively.[@CIT0027],[@CIT0028] Therefore, it is possible that the extent of the findings may occur either through the disease progression or from treatment exposure. In addition, the study uses a register-based data source; therefore, we cannot adjust for detailed health information like body mass index or laboratory biomarkers. Regarding the validity of the diagnosis of hypertension, diabetes, and hypercholesterolemia in the database we believe that diagnoses of the diseases are underreported when using hospital encounters; therefore, our disease concepts included also dispensed drugs for each disease. The treatments are included to cover diagnoses from primary care, currently not covered by the Swedish national health registers. However, the diagnoses recorded from hospital encounters are of high validity.[@CIT0020]

Conclusion {#S0005}
==========

In conclusion, our findings suggest that the hazard ratios and predicted risks of metabolic risk factors are higher among patients with psoriasis compared with matched controls from the general population. This pattern is more prominent among patients with severe psoriasis.
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